Construction for a Concrete Canoe for the 2012 ASCE Student Conference by Allen, Jacob et al.
Indiana University – Purdue University Fort Wayne
Opus: Research & Creativity at IPFW
Engineering Senior Design Projects School of Engineering, Technology and ComputerScience Design Projects
5-4-2012
Construction for a Concrete Canoe for the 2012
ASCE Student Conference
Jacob Allen
Amanda Bade
Adam Grabill
Jessica Sample
Follow this and additional works at: http://opus.ipfw.edu/etcs_seniorproj_engineering
Part of the Engineering Commons
This Senior Design Project is brought to you for free and open access by the School of Engineering, Technology and Computer Science Design Projects
at Opus: Research & Creativity at IPFW. It has been accepted for inclusion in Engineering Senior Design Projects by an authorized administrator of
Opus: Research & Creativity at IPFW. For more information, please contact admin@lib.ipfw.edu.
Opus Citation
Jacob Allen, Amanda Bade, Adam Grabill, and Jessica Sample (2012). Construction for a Concrete Canoe for the 2012 ASCE Student
Conference.
http://opus.ipfw.edu/etcs_seniorproj_engineering/48
  
 
 
 
 
  
 
 
 
  
  
 
 
 
 
 
 
  
 
Table of Contents 
Acknowledgements ......................................................................................................................... 4 
Abstract ........................................................................................................................................... 4 
Introduction .................................................................................................................................... 5 
Problem Statement ..................................................................................................................... 5 
Background .................................................................................................................................. 6 
Scope ........................................................................................................................................... 6 
Spring Semester Goals ................................................................................................................ 7 
Project Breakdown ...................................................................................................................... 7 
Constraints and Limitations ............................................................................................................ 7 
Rules and Regulations ................................................................................................................. 7 
Parametric Study ............................................................................................................................. 8 
Mold Construction .......................................................................................................................... 9 
Phase 1: AutoCAD Patterns ......................................................................................................... 9 
Phase 2: Base Construction ....................................................................................................... 10 
Phase 3: Skeleton Construction ................................................................................................ 11 
Exterior mold ......................................................................................................................... 11 
Interior Mold ......................................................................................................................... 11 
Phase 4: Mold Surface ............................................................................................................... 12 
Exterior Mold ......................................................................................................................... 12 
Interior Mold ......................................................................................................................... 12 
Phase 5: Surface Finishing ......................................................................................................... 13 
Phase 6: Creating the Graphics ................................................................................................. 15 
Casting Canoe................................................................................................................................ 16 
Preparation ................................................................................................................................ 16 
Casting ....................................................................................................................................... 17 
Curing ........................................................................................................................................ 20 
Mold Removal ............................................................................................................................... 20 
Finishing ........................................................................................................................................ 22 
Other Project Deliverables ............................................................................................................ 26 
Concrete Canoe Design Report ................................................................................................. 26 
  
 
Oral Presentation ...................................................................................................................... 26 
Final Product Display ................................................................................................................. 27 
The Races ................................................................................................................................... 29 
ASCE State Section Meeting ...................................................................................................... 31 
Mobilization .................................................................................................................................. 31 
Product Performance .................................................................................................................... 32 
Conclusions on Final Design .......................................................................................................... 33 
Appendix A ................................................................................................................................ 34 
Appendix B ................................................................................................................................ 36 
Appendix C ................................................................................................................................ 56 
Appendix D ................................................................................................................................ 68 
Appendix E ............................................................................................................................... 109 
 
  
  
 
Acknowledgements 
The senior design team would again like to acknowledge and thank a few businesses and 
individuals that aided in the construction of the concrete canoe.  First, and foremost, the design 
team would like to thank Dr. Mohammed Alhassan for his assistance, guidance, knowledge, and 
encouragement throughout Semester II of Senior Design.  Dr. Alhassan provided continuous 
direction regarding the entire design and build of the project.  Dr. Suleiman Ashur, the co-
advisor, also provided advice and support, as well as being the mediator between the American 
Society of Civil Engineers (ASCE) student organization and the senior design team.   
We would also like to thank Mark Mackenzie, the Quality Control Plant Manager at Erie Haven, 
for his knowledge and guidance regarding materials to be used in the concrete mix designs, as 
well as providing contacts for various companies.  There are also several students that assisted 
in the concrete canoe casting, and de-molding of the canoe:  Ryan Prince, Zach Estes, Nicholas 
Fenton, and Dustin Lambert.  Also, a concrete canoe team was established to race the canoe at 
competition.  The canoe team consisted of:  Jacob Allen, Nicholas Fenton, Ethan Hess, Dustin 
Lambert, Ryan Prince, Amanda Bade, Alee Carlsgaard, Cristy Gimbel, Emily Hauter, and Jessica 
Sample.  The design team is so grateful for the help and assistance of these individuals. 
There were also several companies that donated materials or monetary values this semester 
that were essential to completing the mold construction, canoe construction, transportation of 
the canoe, and competing in the 2012 Great Lakes Conference.  The companies that donated 
materials or monetary values were Lafarge, GRACE Construction Products, Haydite, Speedway 
Redi Mix, Direct Colors, American Structurepoint, I-69 Trailer, Engineering Resources, and Three 
Rivers Running Company.  The full list of companies and the material(s) they donated can be 
found in Appendix A. 
Without the help, assistance, guidance, and/or donation from these individuals and companies, 
the concrete canoe would have been much more challenging, if possible at all.  
Abstract 
As the Indiana-Purdue University Fort Wayne (IPFW) student chapter of American Society of 
Civil Engineers (ASCE) continues to grow, so does the desire to participate in civil engineering 
conferences. This year, the IPFW ASCE student chapter proposed that the senior civil 
engineering students design, test, and build a concrete canoe for the Concrete Canoe 
competition at the Regional ASCE Student Chapter Conference.  This conference allows the civil 
engineering students at IPFW to be recognized for their engineering abilities compared to the 
other engineering schools around the nation. The 2012 concrete canoe was chosen as a senior 
design project to establish a strong foundation for future civil engineering students to design, 
build, and compete successfully in ASCE competitions.    
  
 
The first semester of the year (Fall 2011) was dedicated to the analysis and design of the 
concrete canoe, and establishing the schedule and budget to create a successful canoe in the 
time required.  The second semester of the year (Spring 2012) was devoted to executing the 
canoe design to produce the final product to compete in the ASCE Student Chapter Conference.  
To create the final product, various steps were involved: building the wood interior and exterior 
mold, casting the canoe, finishing, establishing a transportation plan, and preparing for all the 
competition requirements. The canoe competition involved a final product display, racing the 
canoe, a design paper, and an oral presentation. IPFW competed successfully on April 20, 2012 
against other engineering schools in the Midwest area and achieved impressive results in all of 
the canoe competitions. 
Introduction 
Problem Statement 
Since the early 1970’s the student organizations of American Society of Civil Engineers (ASCE) 
have conducted the concrete canoe competition.  In the fall of 2010, the IPFW student chapter 
of ASCE decided to enter their first concrete canoe competition in the spring of 2011.  This 
school year, the senior design team will tackle designing and building the canoe for the 
competition in the spring of 2012.   
In order to design and produce a successful concrete canoe for competition, the senior design 
team had to review and interpret the rules and regulations as stated in the 2012 ASCE National 
Concrete Canoe Competition Rules and Regulations.  According to the rules and regulations of 
the competition, the development of the canoe can be broken down into these four categories: 
analysis, development and testing, project management and construction, and innovation and 
sustainability. In the first semester, the canoe design was analyzed for buoyancy and strength. 
The concrete mix designs were tested to meet the specifications according to the competition. 
Team members explored new options in sustainable materials required for the concrete mix 
design. 
In the spring semester, senior design team learned leadership skills, along with practical 
experience in project management and construction. The newest technologies and innovative 
ideas were implemented in the construction of the canoe whenever possible, and the design 
team explored various alternatives and developed a transportation plan for the canoe.  
The completion of the concrete canoe included various aspects of civil engineering and involved 
a combination of management, construction, concrete design, environmental topics, 
communication, and transportation of the final product.  
  
 
Background 
For years, universities from around the world have competed in designing, building and racing 
concrete canoes.  The first ASCE national canoe competition occurred in 1988, and 22 years 
later, the IPFW ASCE student chapter participated in their first competition at the University of 
Wisconsin-Milwaukee in Spring of 2011. 
Each year ASCE comes out with new rules and regulations to make the competition more 
challenging and to ensure previous canoe designs are altered.  Dimensions, concrete mix design 
variables and percentage of sustainable materials are some of the factors that can be varied 
from year to year. 
Despite some complications with the 2010-2011 concrete canoe, the experience provided a 
good foundation for the 2011-2012 IPFW concrete canoe design.  Considering this is a 
competition, the design team analyzed the winning aspects from the top performing canoes 
from previous years. 
Scope 
As defined in the “Design of a Concrete Canoe for the 2012 ASCE Student Conference,” the 
scope of the entire project was as follows: 
1. The canoe will be delivered to the host’s place of competition in April of 2012. 
2. Funding will be provided by IPFW ASCE, not by the canoe build and design team. 
3. Finite Element Analysis (FEA) and hand calculations will be done before mold design can 
be finalized. 
4. FEA will determine stress and displacements on canoe. 
5. Mold design will meet required dimensions as specified in the rules. 
6. Mold will be designed and built for ease of casting and de-molding. 
7. Mold will be created in such a way that it is transportable to competition. 
8. Concrete mix design will meet all criteria as set out in the rules. 
9. Several mix designs will be tested before construction of canoe to find the optimal 
design. 
10. Concrete mix designs will use sustainable materials when possible. 
11. Transport canoe to competition without compromising the integrity of the canoe. 
 
 
 
  
 
Spring Semester Goals 
To construct the canoe for the 2012 ASCE Great Lakes Conference, the design team had to 
establish a list of goals to be completed in the 2012 Spring Semester. The goals for this 
semester were as follows: 
1. Build the concrete canoe according to the design established in the Fall Semester, as 
defined in “Design of a Concrete Canoe for the 2012 ASCE Student Conference.” 
2. Transport the canoe safely from Fort Wayne, Indiana to the 2012 Great Lakes 
Conference held at Bradley University in Peoria, Illinois. 
3. Compete successfully at the 2012 Great Lakes Conference. 
Project Breakdown 
Since the 2011 Fall Semester was dedicated to the design of the concrete canoe, the 2012 
Spring Semester was devoted to constructing the canoe according to the design.  The design of 
the canoe was divided into four main tasks:  finite element analysis (FEA), concrete mix design, 
mold design, and construction management.  To achieve the Spring Semester goals as stated 
above, a parametric study was done to optimize the thickness of the canoe before construction.  
The construction of the canoe involved various tasks:  mold construction, casting the canoe, 
removing the mold, finishing the canoe, preparing for competition, transporting the canoe, and 
competing in the 2012 ASCE Great Lakes Conference.  Each member of the senior design team 
was actively involved in completing these tasks.  
Constraints and Limitations 
Rules and Regulations 
The 2012 Rules and Regulations contain over sixty pages of competition parameters, with 
thirteen sections specifically outlining each significant segment of the competition.  The 
thirteen sections are defined as follows: 
1. General Rules and Regulations: provides a summary of what each school must do to be 
qualified and general information about the competition. 
2. Canoe: provides the specification for the canoe to be built, such as dimensions, 
structural materials that can be used, and defining which canoes will be allowed to race. 
3. Concrete: provides specification for the concrete mix design. This section was used in 
developing the concrete mix design. 
4. Reinforcement: provides specifications for the various materials that be used as 
reinforcement, as well as the percent open-area allowed for the reinforcement. 
5. Finishing: provides the specifications for the various materials that may be used to finish 
the surface of the canoe. 
  
 
6. Design Paper: determines the topics that must covered in the design paper, such as 
concrete and composite development and testing, project management, innovations 
and sustainable aspects of the design. 
7. Engineer’s Notebook: intended to serve as a technical document, which contains the 
supportive information for the design and construction of the canoe. 
8. Oral Presentation: contains the details for presentation to be given at the host school 
during the conference. 
9. Final Product (Canoe and Cutaway Section): describes the various aspects of the Final 
Product judging and to provide guidance to the judges on the criteria for the 
assessment. 
10. Product Display: provides the details as to limitations on how to set up the display 
featuring the tabletop display, concrete cylinder(s), sample(s) of concrete aggregate(s), 
seat and/or mats, and the Engineer’s Notebook. 
11. Race Rules and Regulations: this provides a guideline as to how the races will be 
conducted, including the rules of the races. 
12. National Qualifying Rules: allows for teams that would like to be eligible to participate at 
the national level to follow the nation rules. 
13. Overall Scoring: provides the scoring breakdown and how the scoring will take place. 
 For the full set of the 2012 ASCE National Concrete Canoe Competition Rules and Regulations, 
please visit: http://www.concretecanoe.org/2012Trivia/2012NCCCRulesRegulations.pdf. 
Parametric Study 
Additional finite element analysis was conducted to determine the most optimal and 
economical thickness for the canoe.  Finite element analysis to determine the stress within the 
canoe can be found in the Fall Semester senior design team’s paper: “Design of a Concrete 
Canoe for the 2012 ASCE Student Conference.”  From that analysis, case 2 was found to be the 
most critical case because it had the highest tensile stresses.  This case consisted of 4 people in 
the canoe, weighing 200 pounds each, and the water pressure up to the rim of the canoe.  It 
was found that the maximum principle tensile stress was 51 psi.  To determine the most 
optimal and economical thickness for the canoe; a parametric study was conducted.  The 
parametric study used the same forces as in case 2, but increased the thickness from 1” to 2” 
and decreased the thickness from 1” to ½”.  All the forces remained constant throughout the 
parametric study.  The maximum principle tensile stress was recorded for each thickness 
analyzed.  The maximum tensile stress is the most critical stress because concrete is weakest 
under tension so the maximum tensile stress was controlling.  The results can be seen in Figure 
1. 
  
 
 
Figure 1:  Parametric Study. 
 
The results found that the 1” thickness was both optimal and economical for the concrete 
canoe.  If the thickness was increased the maximum principle tensile stress would not decrease 
by very much (change in stress from 1” to 2” was a 20 psi decrease).  When the thickness 
decreased, the maximum principle tensile stress would increase exponentially (change in stress 
from 1” to ½” was a 320 psi increase).  The 1” thickness was the most optimal and economical 
because it is using the least amount of concrete, and has a low maximum tensile principle 
stress. 
Mold Construction 
The mold construction for the spring 2012 concrete canoe began as soon as finals were over 
during the Fall 2011 semester.  Since the design was finalized, the materials would need to be 
estimated and then purchased.  The primary materials used in the construction of the mold 
were medium density fiberboard (MDF), dimensional lumber (2x4), 5mm hardwood plywood.  
The mold construction was broken down into six phases: 1) Drawing AutoCAD patterns 2) Base 
Construction 3) Skeleton construction 4) creating the surface of the mold 5) surface finishing 
and 6) creating the graphics.   
Phase 1: AutoCAD Patterns 
The first phase of the mold construction was to draw the interior and exterior cross sections 
using AutoCAD in order to create patterns to be printed off and cut out.   These patterns were 
drawn at one foot increment cross sections using AutoCAD and then they were printed off at a 
1:1 scale.  The exterior cross sections used from last year’s specifications were easy to 
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manipulate, creating the necessary patterns.  The interior mold cross sections were simply the 
dimensions of the exterior that have been offset by one inch for the thickness of the hull plus 
5mm for the thickness of the plywood.  After each pattern was printed and cut out of the 
paper, the corresponding interior and exterior cross section patterns were compared to each 
other to ensure correct hull thickness at each respected one foot increment along the length of 
the skeleton.  Once this process was complete, the second phase of the mold construction 
could begin.  This process can be seen below in Figure 2. 
 
Figure 2: Patterns drawn in AutoCAD. 
Phase 2: Base Construction 
A strong base to support both the mold and the canoe during casting and/or curing would need 
to be constructed to ensure the mold does not flex much and the complete structure can be 
moved around if needed since other people will be using the laboratory space during our canoe 
construction phase.  The base was divided into four sections along the length that correspond 
to the length of each section that the mold will be divided into.  The middle two base sections 
are each six feet long while the two end sections are five feet long.  The overall width of the 
base is four feet and the base top sits approximately 22 inches from the floor.  Each of the 
sections was created in the same manor.  The four legs of the section were made out of 4x4 
dimensional lumbers.  2x4’s connected each of the legs at both the top and bottom of each leg 
for lateral stability.  Four inch wheels were purchased to allow each base section to roll.  These 
wheels were mounted to the bottom of each leg.  MDF was used as the base top and was 
  
 
simply cut to fit the top.  During casting, the mold will be joined together with mechanical 
fasteners through the 2x4’s that face each other of each section.  As base sections are 
completed, the sections of the exterior mold could begin fabrication to reduce time and to 
maximize labor usage.  The base can be seen in Figure 3, along with the skeleton of the canoe. 
Phase 3: Skeleton Construction 
Exterior mold 
The patterns created on AutoCAD were arranged onto the MDF for the purposes of maximizing 
the wood usage, reducing the waste and minimizing the cost.    All of the patterns for both the 
interior and exterior were labeled to reduce the confusion as to which side of the canoe hull 
each section belongs.  Each pattern was then traced onto the MDF and then each pattern was 
cut out of the MDF.  All of the pieces cut out of the MDF had specific dimensions and belonged 
to a specific part of the mold.  The combination of all of the MDF pieces would make up the 
“skeleton” of the mold.  Each section of the base would be a platform for two of the mold 
section since the mold (base on the design) would be able to separate down its length.  
Therefore, two pieces of MDF was cut so that when combined, they would be the same size as 
each base section.  Each of the skeleton pieces would be arranged to their respected position 
and place onto each respected mold section.   
Each of the skeleton pieces would be fixed to each mold section with drywall screws, glue and 
reinforces with more pieces of MDF in each corner of each skeleton piece.  There was a piece of 
MDF that would be cut (created on AutoCAD, pattern cut out) to fit the top, leading exterior 
edge of the canoe.  Every single exterior mold section was created in the same manor.  
Throughout this process, all of the sections must be checked to ensure that the entire structure 
is in alignment.   
Interior Mold 
After the patterns were cut out of the MDF, they were arranged in order by their respected 
position.  Since the interior mold was separated into six, equally-spaced section of three feet, 
each skeleton piece was fixed to a three feet long, six inch wide piece of MDF.  Lateral supports 
were cut and fixed to each skeleton section.  2x4’s were cut approximately three feet in length 
and mounted to the MDF three foot lengths and will be used as handles or lifting points for 
each section. All of the sections must be checked to ensure that the entire structure is in 
alignment.   
 
  
 
 
Figure 3:  Skeleton of canoe being constructed on top of base. 
Phase 4: Mold Surface 
Exterior Mold 
Applying the plywood surface was the most difficult part of this construction process.  All of the 
5mm plywood was cut to two feet wide sections, and then soaked in water for a minimum of 24 
hours.  After the wood was saturated, the wood was measured as to where the wood would 
begin to bend as it is pressed into the curvature of the skeleton.  Once the measurements were 
taken, the wood was scored using a carpenter’s knife approximately half the depth of the 
thickness.  Each plywood section was then pressed into place, and then nailed down with 
pneumatic brad gun.  Each piece of plywood was then trimmed to the edge of the mold.  Some 
sections may need to be patched with more plywood due to the effects of trying to bend a two 
dimensional surface into a three dimensional shape.  Once each section is completed and all 
patches have been made, the final phase is ready to begin.  Throughout this process, all of the 
sections must be checked to ensure that the entire structure is in alignment.   
Interior Mold 
Through trial and error, it was determined that the best way to wrap each interior mold section 
with the plywood is do it in three pieces.  Two of these pieces would start at the top edge of 
each interior mold section and be wrapped to the curvature of the mold section.  The third 
  
 
piece would be cut to join each side of the mold section from the curved surfaces.  Each of the 
three pieces should be reinforced from the inside to ensure these pieces do not separate or 
shift during casting.  This process is repeated for all interior mold sections. The applying of the 
plywood can be seen in Figure 4. 
 
Figure 4:  Applying the soaked plywood to the canoe skeleton. 
Phase 5: Surface Finishing 
Finishing the surface of the mold was the same for all of the interior and exterior sections.  This 
process began by aligning all of the sections together for both the interior mold and the 
exterior mold.  All of the mold sections were fastened together and then marked to show how 
each section lines up to each other.  Joint compound was applied to the plywood of both the 
interior mold and exterior mold, filling in any gaps, cracks, nail holes or any other imperfections.  
All of the surfaces were sanded until the desired quality had been achieved, as seen in Figure 5.  
Finally, the plywood was coated with spray adhesive and be allowed to become tacky.  A thin 
layer of plastic (saran wrap) was applied to the surface to give a final, finished surface to the 
exterior of the canoe as well as ease the de-molding process, and can be seen in Figure 6. 
  
 
 
Figure 4:  Sanding the wood with the joint compound applied. 
 
 
Figure 5:  Thin layer of plastic applied to the exterior mold. 
  
 
Phase 6: Creating the Graphics 
The graphics were created by mounting vinyl inlays to either the interior mold or the exterior 
mold depending on the specified location of the graphic.  The graphics included with this year’s 
canoe design are 1) large blue eyes at the bow 2) the name of our school spelled out 
completely 3) the name of this year’s canoe (Water Strider) and 4) a water strider on the inside 
floor of the canoe.  After each graphic was cut out of the vinyl, it was nailed to the mold using a 
pneumatic nail gun.   Figures 7 and 8 show the vinyl inlays process. 
 
Figure 7:  The water strider inlay being cut out of vinyl. 
 
 
Figure 8:  The vinyl inlays for the school name and canoe name being attached. 
  
 
Casting Canoe 
Preparation 
In preparation for casting the canoe, both the interior and exterior mold sections were 
inspected to ensure that all sections were mechanically fastened together so than each mold 
(interior and exterior) functioned as one unit.  The interior mold needed to be reinforced from 
the top by connecting all sections with 2x4’s that ran the length.  The exterior mold sections 
were screwed to each other, then to the base so the mold would not move.  All of the seams 
between each mold section (both exterior and interior molds) were filled in with joint 
compound or putty then covered with plastic so concrete would not leak out between sections.  
To finalize the mold preparation, the interior and the exterior mold sections were wiped down 
with a vegetable oil to ensure the concrete would not bond to the mold.   
All of the reinforcing was pre-cut prior to casting so the time that it took for placement of the 
reinforcing was minimized.  For this year’s canoe design, two layers of fiberglass reinforcing 
mesh were used along with five rows of longitudinal steel reinforcing rods (1/8 inch thick).  The 
reinforcing mesh was dropped in perpendicular to the length of the canoe and cut so that a few 
inched of the mess was exposed, so that the mesh could be pulled up during pouring after the 
interior mold had been bolted into place.  Each of the reinforcing mesh sections overlapped six 
inches in any direction.  The steel reinforcing rods were measured, trimmed and wire-tied 
together so that placement would be quick and easy.  To ensure there was at least a 1/8 inch 
amount of concrete covering the reinforcing mesh and steel rods, some steel “chairs” were 
crafted out of the steel ties and bent so that when the reinforcing mesh is placed on the chairs, 
the mesh will sit a minimum of 1/8 inch from the surface of the exterior mold, as seen in Figure 
9. 
 
Figure 9:  Steel chairs placed in mold. 
 
  
 
The interior mold section was 18 feet long while the exterior mold section was 20 feet long, 
leaving a one foot solid hull at both the bow and stern.  There needed to be some extra 
concrete in these two areas of the hull, but this amount was too much.  To reduce the amount 
of concrete needed for these two sections of the hull, each end was filled in with rigid foam 
that was cut in a way to maintain a one inch concrete cover.  This foam was to be inserted after 
the interior mold section was fitted into place during casting and while the concrete was being 
poured up the sides, between the interior and exterior molds. 
 Casting 
After each of the concrete batches was mixed, test cylinders, beams and unit weight 
measurements were taken for quality assurance.  At one and a quarter cubic feet per batch, the 
number of batches required was estimated to be five which was to include the concrete for the 
test cylinders and beams as well as the entire canoe.  The amount of concrete estimated to 
finish the canoe was around five cubic feet with an average of around 60 pounds per cubic foot 
unit weight which means that the canoe was estimated to weigh around 300 pounds.   
After the tests were completed for each batch, the concrete was poured into the exterior mold 
until the concrete covered the reinforcing “chairs” completely at which point the first layer of 
reinforcing mesh was placed and then pressed down so that concrete seeped through the holes 
of the mesh.  Then, more concrete was poured into the mold until another 1.8 inch of concrete 
covered the first layer of reinforcing mesh.  The reinforcing rods were then placed into the 
concrete on top of the mesh.  The reinforcing rods were basically “sandwiched” between the 
two layers of the reinforcing mesh.  After the steel rods were dropped into place, the final layer 
of reinforcing mesh was placed.  Concrete was then spread over the mesh while working the 
concrete through the holes of the mesh to ensure that there would not be any voids around the 
reinforcing layers.   Figures 10 and 11 show this process. 
 
Figure 10:  First layer of concrete being placed. 
  
 
 
Figure 11:  Reinforcing fiberglass mesh being added, along with steel bars. 
 
After all of the reinforcing was placed, concrete was continuously poured into the mold until 
the depth of the concrete at the bottom of the mold achieved a minimum of one inch but not 
more than 1-1/8 inch.  Concrete was casted up each side of the exterior mold until the concrete 
began to settle. The interior mold was then lifted and set into place.  The alignment of the 
interior mold relative to the exterior mold was checked to be sure it was in position from the 
side and down the length.  When the interior mold was verified that it was correctly aligned, 
the interior mold should be bolted to the exterior mold so that the interior mold would not shift 
during the remainder of the casting process.   
After the interior and exterior molds were joined, the casting continued by pouring the 
concrete in between the mold sections.  To aid in consolidation, a concrete vibrator was placed 
on top of the interior mold structure.  Tapping the sides of the exterior mold and “churning” 
the concrete also helped to consolidate the concrete.  Regardless of the efforts, some voids in 
the canoe hull were expected due to the design of the mold.  The concrete was poured into the 
mold until the concrete reached the top of both of the molds (the top of the mold was used as 
a reference point which was the actual top edge of the canoe).  As the bow and stern ends were 
filled up with concrete, the foam pieces that were pre-cut were simply pushed into place and 
then concrete was filled around them.  After the concrete was poured to the top edge of the 
canoe, the concrete was smoothed out with a trowel.  This concludes the casting of the canoe, 
but other steps were taken to ensure proper curing of the canoe. Figures 12, 13, and 14 explain 
this process. 
  
 
 
Figure 12:  The interior mold being attached to the exterior mold. 
 
 
Figure 13:  Pouring concrete down the sides of the molds. 
 
  
 
 
Figure 14:  Rigid foam wedge being placed in the bow. 
Curing 
While the concrete cured inside the mold, wet burlap was placed on any exposed surface (to 
the air) and plastic was laid over the burlap.  The concrete was cured for a minimum of 14 days 
before the removal of the interior mold to ensure proper strength.  After the interior mold was 
removed, wet burlap was again placed on any exposed surface with plastic on top of the burlap.  
The canoe was cured for a minimum of 28 days before the canoe was removed from the mold 
completely since concrete typically achieves the majority of its strength after this amount of 
curing time has lapsed.  After the canoe was completely removed from the mold, further curing 
was not deemed necessary. 
Mold Removal 
As previously stated, the interior mold was removed fourteen days after the pour.  The stern 
portion of the mold was disassembled in an effort to allow for easy removal of the five other 
interior mold sections. The sections were pulled vertically out after the handles were cut into 
the sections.  Once the entire interior mold was removed, wetted burlap and plastic were once 
again placed back over the canoe to continue in the curing process.   
Twenty-eight days after the pour, the exterior mold sections were removed with the help of our 
faculty advisors and a few ASCE student chapter members. Despite covering the mold in a layer 
of vegetable oil, the canoe seemed to be stuck to the walls of the mold.  A crow bar was needed 
in order to separate the mold sections and the canoe enough that people could pull them apart 
with their hands.  The two bow sections were removed first without any damaged to the mold 
  
 
pieces or the canoe.  The problem was discovered that the inlays were not pulling out of the 
walls of the canoe.  Since the inlays had been nailed to the wall of the mold the team had to 
separate the mold from the nails and inlays. The team used the crow bar once again to start the 
careful separation of canoe from mold.  The base pieces of the mold broke due to the lack of 
strength of the wood used in the construction.  It was determined in order to safely de-mold 
the canoe the mold would need to be disassembled.  The skeleton pieces were removed to 
allow for the wood skin to be peeled back from the canoe.   
During the whole mold removal, the team was careful to not put any forces on the canoe, that 
would cause it to crack or break.  The canoe was placed on two mattresses with the bow and 
stern supported by blocks of high density foam.  Figures 15 and 16 display the mold removal. 
 
Figure 15:  Starting to de-mold with crow bar. 
 
 
Figure 16:  Removing the exterior mold from the canoe. 
  
 
Finishing 
The first step in finishing the canoe was to fill in any voids that were present on the interior of 
the canoe with a patch mix.  Once the patch mix had cured for 7 days the team rough sanded 
the interior of the canoe with 80 grit sand paper.  The canoe was flipped to expose the whole 
exterior and the process was repeated.  The vinyl inlays were carefully removed from the 
canoe.  The edges of the inlays were cleaned up using a dremel tool.  A white concrete inlay mix 
was placed into all of the inlays.  After 7 days, the canoe was rough sanded a second time, with 
150 grit sand paper, to even out the new inlays with the rest of the canoe.  The team then 
spread a black slurry mix all over the canoe to fill in any small voids that presented themselves 
during the rough sanding step.  The team wet sanded with 220 grit sand paper over the entire 
canoe to give the surface a very smooth feel.  The eyes and the water strider were painted with 
a blue concrete stain.  The letters for the school and canoe name were first painted black and 
then outlined in white using epoxy concrete paint. The canoe had the black concrete stain 
painted on it to allow for a uniform black color.  Finally, the design team applied a clear coat on 
the canoe to give the concrete canoe a shiny, finished look. Figures 17 through 23 display the 
different finishing stages. 
 
Figure 17:  The design team with the unfinished canoe. 
  
 
 
Figure 18:  The patch mix being applied where needed. 
 
 
Figure 19:  The design team starting to rough sand the canoe. 
 
 
  
 
 
Figure 20:  The design team wet-sanding the canoe. 
 
 
Figure 21:  Applying the blue stain to the water strider graphic. 
 
 
  
 
 
 
Figure 22:  Applying the concrete paint to the lettering. 
 
 
Figure 23:  The final canoe product with two coats of the clear sealer applied. 
  
 
Other Project Deliverables 
The concrete canoe competition involved not only designing and building a concrete canoe, but 
various other aspects.  The competition was judged on four main categories:  a design report, 
an oral presentation, final product display, and the races.  The senior design team also 
presented the concrete canoe design at the 2012 ASCE State Section Meeting.   
Concrete Canoe Design Report 
As explained previously, the design report was one of the four main categories that the 
competition was judged upon.  It was worth 25% of the overall competition, and therefore it 
was imperative to complete this design report according to the specifications as laid out in the 
2012 ASCE NCCC Rules and Regulations.  The design report was to cover various areas related 
to the design and construction of the concrete canoe such as the concrete and composite 
development and testing, project management, innovations and sustainable aspects.  The 
design report had to be mailed and received by the judges no later than March 1, 2012.  The 
design team worked on the paper collectively to complete the report requirements, as well as 
send it to the judges by the deadline.  The design report had an extremely stringent format to 
follow, and had to contain the following sections:  report cover, table of contents, executive 
summary, hull design, structural analysis, development and testing, construction, project 
management, sustainability, organization chart, project schedule, design drawing, references, 
mixture proportions, and a bill of materials.  The final 2012 IPFW Design Report is attached to 
Appendix B. 
Oral Presentation 
The oral presentation was the second category in the overall canoe competition, and was also 
worth 25% of the scoring.  The oral presentation was a live, five minute technical presentation 
highlighting the various aspects of the project followed by a seven minute question and answer 
period with the judges.  The oral presentation gave the design team the opportunity to explain 
to the judges, in person, the design concept and construction process.   The final 2012 IPFW 
Oral Presentation is attached in Appendix C. Figure 24 shows Amanda and Jacob giving the oral 
presentation at Conference. 
  
 
 
Figure 24:  Amanda Bade and Jacob Allen giving the oral presentation at Conference. 
 
Final Product Display 
The final product display contained various parts, and also contributed to 25% of the overall 
scoring.  It involved not only the displaying the final concrete canoe product, but also setting up 
a tabletop display, creating a cutaway section to explain the construction process, and 
completing an Engineer’s Notebook that contained pictures of the construction process, and 
standards for the materials used in the concrete canoe.   
At competition, the judges base part of the final product display scoring on aesthetics.  The 
concrete canoes were all assembled in a common area, and placed on display stands.  The 
senior design team asked IPFW ASCE student members to take the lead on building the display 
stand for the canoe.  Nicholas Fenton, the ASCE student chapter president built the canoe 
display based on this year’s canoe theme: Water Striders.  Figure 25 below, shows the final 
canoe product display, to look like a Water Strider. 
  
 
 
Figure 25:  Final Product Display. 
The product display also included a tabletop display which was to include concrete cylinders of 
the different mixes used in the canoe construction, samples of the concrete aggregates, 
samples of the reinforcement used in the canoe, a poster display conveying information in the 
design paper such as photographs and charts, a cutaway section of the canoe, and the 
Engineer’s Notebook.  Figure 26 shows the tabletop display, and Figure 27 shows the cutaway 
section.  The cutaway section of the canoe was a three-foot section serving as a representative 
of both the raw and finished canoe.  It was created to show concrete placement, finishing of 
the canoe at various stages, and display how the interior and exterior mold created the desired 
shape of the bow and also achieve the consistent one-inch thickness. 
 
Figure 26:  Tabletop display. 
  
 
 
Figure 27: Cutaway section. 
 
The Engineer’s Notebook, as displayed in Figure 26 on the tabletop display, was a technical 
document which contained supportive information related to the design and construction of 
the canoe.  It also included a compliance certificate to ensure the registered participants of the 
canoe team met all eligibility requirements.  The Engineer’s Notebook also followed a strict 
format, and contained the following sections:  Table of Contents, Compliance Certificate, 
Construction Photographs including mold construction, canoe construction and finishing the 
canoe, Hull Thickness/Reinforcement and Percent Open Area Calculations, and Material 
Technical Data Sheets of all the materials used in the concrete canoe final product.  The final 
2012 IPFW Engineer’s Notebook is attached in Appendix D. 
The Races 
The final 25% of the canoe competition scoring came from racing the canoe.  The races involved 
five different competitions:  a men’s endurance, a women’s endurance, a men’s sprint, a 
women’s sprint, and finally, a coed sprint.  The IPFW canoe racing team consisted of ten of the 
IPFW ASCE Student Chapter members, including three from the senior design team:  Amanda 
Bade, Jacob Allen, and Jessica Sample.  The canoe racing team started practicing for the races in 
early February right up until the week before Conference.  Practices involved either working at 
out the IPFW Student Athletic Center, or taking canoe up to Blue Lake, in Churubusco, Indiana, 
as seen in Figure 28. 
  
 
 
Figure 28: Practicing rowing at Blue Lake. 
 
The endurance races at the competition consisted of either two men or two women and a 600 
meter course.  The men’s sprint and women’s sprint involved either two men or two women 
and a 200 meter course.  The coed sprint race included two men and two women and a 400 
meter course.  The races were competed against other schools in the conference.  Figure 29 
below shows the coed race. 
 
Figure 29: The coed race at Conference. 
 
  
 
ASCE State Section Meeting 
As previously discussed, the concrete canoe design was presented at the annual ASCE State 
Section meeting held in Carmel, Indiana.  Every year, the ASCE holds a meeting for all the ASCE 
members in Indiana, and the meeting includes lunch, awards, and presentations by senior 
design teams from various Indiana Engineering Schools.  As a way to prepare for the Concrete 
Canoe Competition, two members of the senior design team, Jacob Allen and Jessica Sample, 
participated in the senior design competition.  Every senior design team that presented 
received a one hundred dollar check for their ASCE Student Chapter Organization, while the 
winning senior design team won a plaque.  Although the IPFW senior design team did not win 
the competition, the canoe design presentation was complimented and the hard work of the 
team was acknowledged.  The presentation given was the same presentation given at 
Conference, and is attached in Appendix C.  A handout was passed around to explain the four 
different the categories the competition was judged on, and is attached in Appendix E. 
Mobilization 
The team also had to develop a way to transport the canoe safely to the conference.  The canoe 
was transported in a trailer.  The team decided to create a box with padding that the canoe 
could sit in.  The padding was essential because it had to absorb any vibrations caused by the 
vehicle or imperfections in the roads, during transit.  Any vibrations would cause stress in the 
canoe and if the stress became too great it would crack the canoe.  The box was designed to 
both hold the canoe in the trailer, and to make it easy to move the canoe.  The box was 
constructed out of particle board, 2” x 4” boards, 2” x 6” boards, and screws.  Particle board 
was used as the base of the box and the 2” x 4” boards were used as reinforcement under the 
particle board.  Then the 2” x 6” boards were placed around the perimeter on the top to create 
a lip so the canoe doesn’t slide off.  It was constructed in three 7’ section, giving a total length 
for the box to be 21’.  This allowed for a 4” clearance at either end, because the canoe is 20’ in 
length.  The width of the box was 42”, giving a 3” clearance on either side of the canoe because 
the canoe is 36”.  Six handles were placed on both sides of the box in order to create an easy 
way to lift the box to move the box with the canoe in it.  These handles were made out of nylon 
rope and securely tied to prevent the rope from breaking loose.  For the comfort of the people 
caring the box and canoe, the nylon rope was also thread through ¾” PVC pipe.  A picture of the 
final transportation box can be found in Figure 30. 
  
 
 
Figure 30:  The canoe in the transportation box. 
 
Three different materials were used to help cushion the canoe in transit.  Within the box, two 
materials were used.  First, the box was lined with two layers of bubble wrap.  Second, the box 
was lined with two layers of 9¼” fiberglass attic insulation.  This was above the 6” lip from the 
2” x 6” boards, but once the canoe was placed in the box, the canoe compressed the two layers 
of fiberglass attic insulation to 5”.  The canoe was set into the box upside down, as seen in 
Figure 30.  The canoe was upside down because this will prevent the canoe from rocking from 
side to side, and the canoe would be stronger because the walls will form an arc.  Most stress 
within an arc are compressive stress and concrete is much stronger in compression then 
tension.  This will help prevent cracking during transit.  The canoe in the box can be seen above 
in figure something.  Two bed mattresses were placed under the box, in the trailer.  Additional 
fiberglass attic insulation was added to areas around the box to insure the canoe would not 
move.  Finally, the canoe was strapped down to the box in order to prevent the canoe from 
bouncing.  This method provided much success.  The canoe arrived at conference with no 
damage. 
 
Product Performance 
Once the canoe was transported to the Conference location, the concrete canoe team (as listed 
in the Acknowledgements) set up the final product display.  The judges passed back the scores 
for the design papers.  The design team received a perfect score, with no deductions.  After the 
judges assessed the final product display, the race portion of the competition began.  A “swamp 
test” was first conducted to be sure every school’s concrete canoe floated.  The “swamp test” 
consisted of putting the canoe in the lake, filling it with water, and allowing the judges to 
  
 
observe the canoe float to the top.  Following the “swamp test,” came the races in the 
following order:  women’s endurance, men’s endurance, women’s sprint, men’s sprint, and 
coed sprint.  The results from the races are as follows: 
 5th in the Women’s Endurance Race 
 5th in the Men’s Endurance Race 
 8th in the Women’s Sprint Race 
 6th in the Men’s Sprint Race 
 3rd in the Coed Sprint Race 
 
The results of the canoe competition were not revealed until the Awards Ceremony of the 
Conference.  The IPFW design team and concrete canoe team received the following: 
 3rd Best Design Paper (with no deductions) 
 5th Overall for the Concrete Canoe 
 3rd Overall for the ASCE Conference 
 
The IPFW ASCE Student Chapter Members who attended the Great Lakes Conference were very 
proud of these accomplishments.  The design and construction of the concrete canoe was an 
overall success, and the product performed as the senior design team expected. 
Conclusions on Final Design 
In conclusion, the team designed and created a successful final product for the 2012 ASCE 
National Concrete Canoe Competition Regional Conference held at Bradley University.  The 
team built the mold according to the Fall 2011 design. The mold functioned as designed until it 
was to be removed.  There were graphics stapled to the top of the mold that was not part of 
the design that when combined with the frictional force from the weight of the canoe, resulted 
in the team having to destroy the mold to remove it from the canoe.  The casting of the canoe 
went smoothly and as planned.  The finishing was reduced considerably from the previous year.  
The design paper was a complete success with zero deductions.  The oral presentation 
successfully conveyed all the design team’s design concepts to the judges.  The final product 
display was impressive to say the least with a minor deduction from the table display.  The 
outcome of the races was respectable for the first year racing in this competition. The design 
and construction of the concrete canoe was an overall success, and the product performed as 
the senior design team expected. Overall, this project was a success and this project set the bar 
high for future ASCE concrete canoe competitions for IPFW to participate in.   
To follow up on the concrete canoe as to how it was designed please refer to the Design Report 
of this project that was posted in December 2011 on the IPFW engineering website. 
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Table A.1: Companies and Donations.  
Company Donation(s) 
Lafarge Portland Cement 
GRACE Construction Products Reinforcing fibers, silica fume 
Haydite Lightweight aggregate-expanded shale 
Speedway Redi Mix Concrete Color Dye 
Directs Colors Concrete Stain 
American Structurepoint Monetary 
I-69 Trailer Trailer for Transport 
Engineering Resources Monetary 
Three Rivers Running Company Wetsuits 
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